Reader in Oral Anatomy, University ofDurham, King's College, Newcastle upon Tyne THE mouth develops in unison with the other organs and tissues and cannot be considered without reference to the embryo as a whole. In embryonic and foetal life, the visceral part of the head, including the facial structures and portions of the alimentary and respiratory systems, has a much slower rate of growth and differentiation than the neurocranial part. The primitive oral cavity or stomatodaeum forms a portion of both the nasal and mouth cavities, the remainder arising from an inclusion of the primitive pharynx following the breakdown of the buccopharyngeal membrane. During the formation of the boundaries of the oral cavity, fusions occur which involve the fronto-nasal process, as well as the maxillary and mandibular processes of both sides. Failure of growth and union of these components in an orderly and mainly symmetrical manner results in malformations which may involve the face and the oral and nasal cavities in varying degree.
OBSERVATIONS
The 7-somite embryo of about 22 days' ovulation age, described by Payne (1925) , emphasizes the development of the neurocranial part of the head and shows the presence of a large head fold. The stomatodcum is bounded by the developing fore-brain area above and the pericardial area below. The mandibular arches are at the sides and reach towards the pericardial area, whilst the processes which give origin to the lower jaw are not yet demonstrable. It is open ventrally, and dorsally the buccopharyngeal membrane with its ectodermal and endodermal layers separates the stomatodieum from the region which later forms the fore-gut.
The mandibular and hyoid arches are seen as surface elevations in embryos of 13-20 somites (horizon XI, ovulation age 23-25 days). They are also present in the 13-14-somite embryo described by Low (1908) . The buccopharyngeal membrane is shown to be perforated in illustrations of a 20-somite embryo (Davis, 1923) establishing a free communication between the stomatodieum and the primitive fore-gut. The first three branchial arches are present in embryos of 21-29-somites (horizon XII, ovulation age 25-27 days), and partial fusion of the mandibular processes as they grow forwards may be observed in the older specimens of the group.
In a 5 mm. specimen (horizon XIII, ovulation age 27-29 days), the mandibular processes are meeting and fusing in the mid-line to form the floor of the stomatodium, whilst the pericardial bar is gradually descending. In sections cut in the transverse plane, the embryo is seen to be lying completely within its amniotic sac; the fronto-nasal process, mandibular and hyoid visceral arches, as well as the dorsal surface of the embryo can be identified. The mandibular processes are separated ventrally and the first aortic arch artery can be seen traversing the mandibular arch tissue (Fig. 1 ).
In specimens of 5 6 mm. and 7 mm. (horizon XIV, ovulation age 28-30 days) the mandibular and hyoid arches are large and form prominent surface features. The maxillary process appears and the line of junction between the mandibular and maxillary processes forms a lateral wall for the mouth cavity defining the cheek. The fusion of the mandibular processes proceeds to completion forming the area of the lower jaw and the greater part of the floor of the mouth. The pattern of the tongue takes shape receiving elements from each of the first three visceral arches. The growth of the mandibular arches to form the lingual swellings creates a deep intermandibular sulcus in the mid-line region. The upper jaw and roof of the mouth is less well formed than the lower jaw and floor of the mouth. The maxillary processes are widely separated and the common bucco-nasal cavity is a cleftlike structure with a central diverticulum, Rathke's pouch arising from it (Fig. 2) .
During the formation of the walls of the oral cavity, fusion of processes takes place. Union of the mandibular processes continues into later phases of development. The complete separation of the buccal and nasal cavities occurs last, by the union of the two palatal shelves of the maxillary processes with one another, and with the lower edge of the nasal septum. In Fig. 3 the mid-line fusion between the mandibular arches is seen. The surface epithelium consists of a single layer of flattened cells with well-marked heavily-staining nuclei. This clear-cut definition fades sharply in the region of contact of the two epithelial layers. The cells in the line of fusion are enlarged, pale and opaque near to the surface, whilst in the deeper areas, the definition between the adjacent cells is no longer clear, and many show abnormal and abortive mitosis. These phenomena suggest that the process of degeneration is slow. The mesenchymal cells are orientated with their long axes parallel to the epithelial cells in the line of fusion. As the epithelial cells disintegrate the mesenchymal cells re-orientate and bridge the gap, thus forming a continuous mass of tissue. ' The formation of a face and the establishment of an upper jaw and primitive palate from the premaxillary process, as well as a primitive nasal cavity and bucco-nasal membranes between the nasal and oral cavities, characterize the four specimens, two 1 1 mm. and two 12 mm., allocated to horizons XV-XVII (ovulation age 31-36 days). During these phases continued growth occurs in the lower jaw and the mandibular division of the trigeminal nerve is larger than the maxillary division.
A 15 mm. specimen cut transversely, and two 15 mm. and a 16 mm. cut sagittally were placed in horizon XVIII (ovulation age 36-38 days). During this stage the nose and upper jaw are clearly discernible on the surface, the bucco-nasal membranes break down resulting in the formation of the primitive posterior choane. It is, also, the stage in which individual structures and the pattern of the musculature can be identified in the lower jaw region. Bartelmez and Evans (1926) showed that the cranial nerve complexes preceded mesenchymal tissue condensations'in branchial arch fields. Fawcett (1905) showed that the mandibular nerve was the first structure to become differentiated in the lower jaw of man. Bardeen and Lewis (1901) as well as many others have identified premuscle condensations by tracing the main nerve supply to a region and following branches to them. In defining the individual muscle groups in the region of the mouth, similar techniques have been employed in this series. The lingual and inferior dental nerves can be seen, the former medial, the latter lateral, to the condensation which is the pre-cartilage phase of Meckel's cartilage. The nerve and artery to the mylohyoid can be traced and the mylohyoid and anterior belly of the digastric muscles demonstrated. It was not possible, however, to ascertain whether the mylohyoid and anterior belly of the digastric were formed from two separate condensations or arose from the same condensation. A wax reconstruction of one of the specimens examined at this stage and cut in the sagittal plane shows that the external surface of the face is established and the primary fusion lines completed. The floor of the mouth is formed and a primitive cheek mass identifiable. The primitive palate or premaxilla represented the only part of the true roof plate of the mouth. An early stage in the formation of the secondary palate could be seen as an inward growth of the palatal shelf of the maxillary processes. The site of Rathke's pouch was still visible. The tongue is well formed, its anterior two-thirds being more than ten times larger than the posterior one-third. The sulcus between the two parts of the tongue is clearly marked. Similarly, the vallecular fossa and epiglottis can be observed. The vestibule of the mouth has not yet formed since lip separation has not commenced. Microscopic examination of these specimens indicates that a considerable differentiation of the structures within the area of the floor of the mouth has taken place. The lingual nerve and submandibular ganglion, the mental, incisive and mylohyoid branches of the inferior dental nerve, as well as the hypoglossal and vagus nerves can be identified. Meckel's cartilage with its sheath and the cartilage of the second arch can be seen in their pre-cartilage stage. The condensations for the mylohyoid and anterior belly of the digastric muscles with the nerve to the mylohyoid between them are identifiable. Another zone of condensing mesenchyme marks the area in which the mandible will later ossify. The submandibular salivary gland has not commenced its differentiation but the mesenchymal bed into which it grows can be seen (Fig. 4) . The muscles of the floor of the mouth and tongue are made up of condensed areas of cells in which it is not possible to label myoblasts as distinct from fibroblasts. There is, however, some general tendency for elongation of the cells in one direction and some cells are already more elongated than others.
Four specimens, 18 mm., 18-5 mm., and two 19 mm. (horizon XIX, ovulation age 38-40 days), showed commencing osteoid deposition in the mandibular condensation and epithelial downgrowths for the parotid, sublingual and submandibular salivary glands.
Specimens of 20 mm. and 20-5 mm. (horizon XX, ovulation age 40-42 days) indicate that the maxillary process is becoming larger in size and depth. The palatal shelves of the maxillary processes are actively growing towards one another. The placodal area has grown inwards and the olfactory mucosa can be seen near to the roof of the nasal cavities.
The nasal septum is growing downwards and a mesenchymal condensation is seen in it, preparatory to the formation of cartilage. The vomero-nasal organs are identifiable as invaginations from the surface of the nasal epithelium. The mouth cavity has breadth but negligible height, the area of the cheek is limited and the separation of the lip to give rise to the vestibular sulcus is just commencing. The parotid outgrowth is formed of a solid mass of epithelial cells which will later canalize and from which the parotid outgrowth lying upon the tissues of the first visceral arch is an early recognized structure of the cheek. The tongue still occupies a large part of the common bucco-nasal cavity and its musculature shows its the mandible has started to ossify on its lateral side and the inferior dental nerve is lying in a gutter formed by the bone (Fig. 5 ). The myoblast cells in the developing muscles can be recognized-elongating cells with as yet single nuclei.
Specimens of 24 mm., two 25 mm., 28 mm., processes. x 16. division by mitosis or amitotis without a similar division of the protoplasm. The transversely cut mylohyoid shows groups of muscle fibres with interspersed fibroblasts forming the connective tissue of the muscle. The 314 mm. embryo which was cut in the coronal plane shows the fusion of the palatal shelves of the maxillary processes taking place in the mid-line. The nasal septum has not yet reached the level of the fusing palatal shelves. Ossification is proceeding in both mandible and maxilla. The more anterior fibres of the mylohyoid are below the level of Meckel's cartilage supported on their submandibular surface by the digastric muscles. The posterior part of the mylohyoid passes progressively vertically from above Meckel's cartilage towards the mid-line raphe (Fig. 7) .
The pattern of formation of the boundaries of the oral cavity is complete with the fusion of the maxillary processes and the completion of the secondary palate. The next process traced in foetal specimens is one of ossification, thus completing the formation of a hard and soft palate. As muscle differentiation proceeds myofibrille become formed. These are situated peripherally and are clearly visible in specimens of 80 days' ovulation age, although striations are not present. In specimens of approximately 117 days, muscle fibres with well-marked cross striations could be observed in the tongue musculature and that of the floor of the mouth. en th4 seo DISCUSSION An examination of the sequence of events occurring in the development of the mouth results in the conclusion that normal growth depends upon the right environment being available at the right time. Any factor, genetic, hormonal, nutritional, general or local, which disturbs the time environment balance will produce abnormal growth. The degree and site of malformation depends upon the stage of embryonic development reached prior to the application of the factor causing the imbalance. The formation of the branchial arches, their vascularization, the fusion of processes involved in facial development, the innervation of the mandibular and maxillary processes, the appearance of independent mesenchymal condensations, the differentiation of visceral arch cartilages, muscle masses and bone all take place as a closely integrated pattern. The first essential must be an adequate nutrition to maintain growth. When the embryo consists of a small number of cells, its nutritional demands are low and there is no necessity for a circulatory system. As growth proceeds, a circulatory mechanism becomes essential and the early endothelial heart tube and blood vessels develop. The first aortic arch artery passing through the mandibular arch tissue, present from an early somite stage, is seen in the 5 mm. embryo (Fig. 1) . It is the first recognizable independent structure within the mandibular arch. The progressive development of these embryonic tissues must depend upon an adequate nutrition, which in turn requires an increasingly complex vascular pattern and circulatory mechanism to be present. The cinematographic studies of Patten and Kramer (1933) in a nine-somite embryo indicate that cardiac contraction commences as irregular fibrillations in the bulbo-ventricular area. The vessel itself is probably formed as a differentiation from mesenchyme prior to the establishment of a circulation. Its further development is associated with changes in the endothelium. These may occur as a result of the force of cardiac pulsations (Stockard, (1915a, b) ). The position of the vessel within the embryo and the influence of neighbouring structures may also be causal factors (Hughes, 1943) .
The material examined suggests that the fusion of the mandibular processes is mainly occurring between 27-29, plus or minus 1, days' ovulation age. The fusions of processes forming the face and the primitive palate development from the premaxilla occur during ovulation ages 31-36 days. The fusion of the palatal shelves of the maxillary processes observed to be taking place in specimens of ovulation age 46-52 days is probably completed by the end of the second month. For normal development, it is necessary for these fusion processes to occur at a definitive time in embryonic life. If the time of fusion is in any manner delayed, then non-union remains permanent and continued growth of the separated processes causes them to become even more widely separated. In this connexion the work of Woollam and Millen (1956) is of considerable interest. They review the experimental evidence of congenital malformations produced in animals subjected to diets deficient in vitamins and conclude that the embryo requires to store vitamins in order to avoid faetal death or congenital malformation. They also stress the need for the potential mother t6 have a diet adequate in vitamins, in order to facilitate embryonic requirements in early pregnancy at a time prior to its usual diagnosis. Vitamin deficiency would appear, therefore, to provide an imbalance in the complex environment. An adequate supply of vitamins. although essential, may be only one of several factors which require to be present in order to obtain normal growth. The exact mode of action of vitamin deficiency in promoting embryonic disturbances seems to be unknown. It may result in alterations in the rate and timing of cellular divisions since members of the vitamin B group play an active part in cell metabolism.
Another important phase in the formation of the mouth, which was observed, was the differentiation of its structural elements. The differentiation of the submandibular salivary gland was found to be associated with a mesenchymal condensation, an arrangement similar to that found in relationship to the developing tooth (Tonge, 1953) . The work of Grobstein (1953a, b) indicates the importance of the mesenchymal condensation in relation to the developing submandibular gland. He found that the submandibular epithelial tissue would differentiate typically, only when combined with submandibular mesenchyme.
Sucking and swallowing are functions well developed at birth in all mammals, and it seems likely that the structures necessary for these functions will be developed long before they are required. In considering prenatal muscle contraction it is well to remember that the more primitive mesenchymal cells and myoblasts seen in the earlier stages were capable of deformation in several directions. Their elongation committed them to deformation in one direction. The distinction is one of degree, at first the potentiality for irregular deformation of a part, later the capacity for a regular pattern of contraction-an essential before muscular contraction can occur. At 42 days' ovulation age myoblasts with single nuclei were seen in the tongue musculature, at 47 days multinucleated cells were present. Myofibrillk were observed in specimens of about 80 days and it is generally conceded that the capacity to respond to direct irritation precedes myofibril formation. At 117 days there is Proceedings oJ the Royal Society of Medicine 6 no difficulty in demonstrating muscle fibres with well-marked cross striations. The capacity for muscle contraction is now well developed and it seems likely that the contraction of muscles in swallowing may be possible at an earlier stage, an assessment of the musculature suggests about 11-12 weeks as a possible time. Thus, by the end of the third month the pattern of mouth formation is complete; it has commenced to function, and only additive growth and some remodelling occur. ACKNOWLEDGMENT I should like to record my thanks to Mr. C. J. Duncan, Director of the Department of Photography, for the photomicrographs, and Mr. D. Auld for technical assistance in the preparation of the histological material.
Introduction.-Paget's disease of the jaws is not common; for instance, the Oral Diagnosis Clinic in the School of Dentistry of the University of Pennsylvania had seen 3 cases in 50,000 admissions since 1935 (Burket, 1946) . Novak and Burket (1944) reported that in 138 cases of generalized Paget's disease the maxilla was involved in 20 cases and the mandible in 3 cases.
In 1945 Thoma, Howe and Wenig, from a review of the literature, found only 1 recorded case of monostotic Paget's disease of the mandible.
Case history.-A woman, aged 72, came from South America with the sole desire of seeking treatment to improve the appearance of her prominent jaw. She said that her teeth had always been difficult to extract and that her lower jaw started to get larger about six years ago; her hats were still the same size and her height had not changed. When her brother was 65 his jaw slowly increased in size.
On examination.-The teeth showed numerous carious cavities, but were firm and not spaced, and the gums were healthy. On investigation.-X-rays showed no calcification in the suprarenals; the hands, long bones, vault and base of skull were normal. There was slight change in calcium density and the trabecular structure of the ilium and ischium near the right hip-joint was suggestive of very early Paget's disease. There was hypercementosis of the roots of the teeth in both jaws, and in the mandible there were areas of absorption and sclerosis.
The Wassermann reaction and Kahn test were negative. The serum alkaline phosphatase was 27-8 K. A. units (normal 3-13) . The inorganic phosphorus was 2-4 mg. % (normal). The serum calcium was 10-2 mg. % (normal).
The radiographic evidence of concomitant osteoporosis and osteosclerosis, and the raised serum alkaline phosphatase were the significant features in the diagnosis.
The main interest of this case is that although there is such marked evidence of disease in the mandible, the rest of the body is only affected in the slightest degree, in the region ofthe right hip.
